Atomic force microscopy topography images Two-dimensional atomic force microscopy images (with an area of 1 m  1 m) of Cu and Cu(O = 5.0%) films deposited on 20-nm-thick ZnO films during the very early growth stages. Cu films of various thicknesses: (a) 1.5 nm, (b) 2.5 nm, and (f) 5.0 nm; and Cu(O = 5.0%) films of various thicknesses: (d) 1.5 nm, (e) 2.5 nm, and (f) 5.0 nm. The Cu and Cu(O = 5.0%) films were subsequently deposited on the ZnO films by a room-temperature sputtering process, without breaking vacuum. The Cu(O = 5.0%) films were deposited under reactive sputtering conditions using a gas mixture of Ar (50 sccm) and O 2 (0.1 sccm). Scale bar, 200 nm.
Highly magnified atomic force microscopy topography images Magnified views of atomic force microscopy images corresponding to Supplementary Fig. 1 . Cu films of various thicknesses: (a) 1.5 nm, (b) 2.5 nm, and (c) 5.0 nm; and Cu(O = 5.0%) films of various thicknesses: (d) 1. 5nm, (e) 2.5 nm, and (f) 5.0 nm. Scale bar, 100 nm. 
Supplementary Fig. 14 Mechanical flexibility test of FTCEs
Photographs of an irreversible two-point bending test as a function of bending radius. The FTCEs deposited on 125-m-thick polyethylene terephthalate substrates were exposed to compressive stress induced by the bending. Supplementary Fig. 15 Change in photovoltaic performance with mechanical bending Change in the (a) short-circuit current density (J sc ) and (b) fill factor (FF) values measured for flexible solar cells as a function of bending radius during compressive bending, normalized to their initial values. Three different FTCEs were examined in the solar cells and they were (black square) 120-nm-thick ITO/50-nm-thick ZnO, (green circle) 60-nm-thick ZnO/7-nm-thick Cu(O = 5.0%)/60-nm-thick ZnO, and (red triangle) 60-nm-thick ZnO/8-nmthick Cu/60-nm-thick ZnO. Each parameter was calculated from an average value of 5 solar cell samples fabricated on each FTCE type. Error bars represent the standard deviation. Supplementary Fig. 16 X-ray 
